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I. SUMMARY
In order to protect humans and the environment when using ionizing radiation for the advancement and benefit of society, accurately quantifying radiation and its potential effects remains the driver for ensuring the safety and secure use of nuclear and radiological applications of technology. In the realm of radiation protection and its various applications with the nuclear fuel cycle, (nuclear) medicine, emergency response, national defense, and space exploration, the scientific and research needs to support state and federal radiation protection needs in the United States in each of these areas are still deficient.
Research and development in the field of radiation protection calls for cooperation among governmental agencies, emergency responders, research organizations, and the academic community. With this realization amidst atrophying national expertise in radiation protection, the Radiation Protection Research Needs Workshop was held in Oak Ridge, Tennessee on June 5-6, 2017. This workshop, hosted by the Oak Ridge Associated Universities (ORAU), the Oak Ridge National Laboratory (ORNL) Center for Radiation Protection Knowledge (CRPK), and the Health Physics Society (HPS), sought to facilitate critical dialogue among radiation protection stakeholders in the federal/state governments and the scientific community, including Department of Energy (DOE) national laboratories and academic institutions. The workshop totaled 84 attendees, who were each identified and invited to participate based upon their specialized and extensive experience in the field of radiation protection. Attendees were invited from 43 institutions/government programs (see list of attendees and participating organizations in Appendix A).
The following scientific research objectives in radiation protection were identified as a Critical National Radiation Protection Research Objective (CNRPRO):
1. Improve the radiological protection of workers, the public and the environment from radiation exposures due to occupational and public exposures, (nuclear) medical procedures, nuclear safety and security events, and space exploration. 2. Improve the monitoring, detection and assessment of radioactivity in the environment. 3. Better understand the biological effects of exposure to ionizing radiation (e.g. low-dose radiation effects) to allow optimization of the use of radiation, radiation protection, and how these effects/results will be integrated into regulatory policy.
II. APPROACH
During the workshop, input was solicited and dialogue conducted from the 84 attendees. The workshop featured:
• Presentations in two sessions entitled, Federal Research Needs, from seven federal agencies, private industry, independent research institutes, and international governmental research consortia from CONCERT/EURADOS;
• Panel discussion on Radiation Protection Needs in National Security, with representation from eight federal agencies; and
• Breakout discussion sessions representing nine critical research application areas (Figure 1 ).
The final workshop agenda is provided in Appendix B.
Figure 1. Breakout session tracks representing critical research needs at the Radiation Protection Research Needs Workshop
Presentations were delivered by representatives of the invited stakeholder organizations, primarily from federal government agencies. The stakeholders identified their critical scopes, which rely on radiation protection science, research and expertise and were asked to prioritize key research areas (Table 1) . • What is the current state-of-practice/use in this field?
• What are the institutional/knowledge needs?
Where are the gaps between established practices/knowledge and identified needs?
• What is the ranking of each these needs as priorities given the importance of the need and the resources required to meet this priority?
• Is there room for improvement/advancement/innovation within that system/technology?
• Where are the areas of greatest uncertainty/risk?
How would you prioritize given the need of these advancements, and in consideration of the levels of risk/uncertainties to achieve these needs?
• What are the research needs in this field in the next 3-5 years?
• How do we prioritize these needs in the broader long-term requirement? 
III. KEY AREAS AND RESULTS
Based on the breakout discussions, areas of common research interest were identified as summarized below (Table 2) . Key themes from each of the breakout sessions are expanded in Appendix C. • Medical countermeasures to radiation exposure during nuclear/radiological events (bio-and physical dosimetry)
Development of novel radiation detection instrumentation that is:
• Rugged, portable, and economical • Instrumentation that can detect alpha, beta, neutron, and gamma radiation
• Harnessing advances in material science, data management, computational algorithms, and high performance computing
Improved decontamination techniques focusing on:
• Urban environments following accident/incident scenarios
Modeling of complex environmental pathways including:
• Atmospheric transport and urban plume modeling
• Aquatic and terrestrial transport • Human-spread contamination
IV. RECOMMENDATIONS AND PATH FORWARD
In addition to the data collected from this workshop, scientific literature, as well as reports and data from nongovernmental research institutions and government agencies, the information will be evaluated to prioritize the important scientific challenges that the radiation protection profession should address. Prioritization of challenges will be based on scientific merit, national relevance, impact on mission planning and completion, feasibility within given resource constraints, time sensitivity, and potential impact on complementary disciplines.
Each of the identified scientific challenges, with their associated research lines, will be developed as a separate section of a Strategic Research Agenda. Each will include a vision statement of what should be accomplished over the next 5, 10, and 20 years in that area of radiation protection. The development of a strategic research agenda involving all stakeholders will ensure that this living document will continue to reflect the radiation protection research areas critical to the completion of the nation's needs.
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